The antibacterial spectra and modes of action of synthetic peptides corresponding to mesenterocin 52B and leucocin B-TA33a greatly differ despite their high sequence homology. Circular dichroism experiments establish the capacity of each of these two peptides to partly fold into an amphiphilic helix that might be crucial for their adsorption at lipophilic-hydrophilic interfaces.
Among the various antimicrobial compounds produced by lactic acid bacteria, bacteriocins are bioactive single polypeptides or polypeptide complexes that are active against closely related bacterial species (14, 15, 22) . These bacteriocins constitute a large family of metabolites, which can be subdivided into different classes based on their modes of action and their structures (14) . In particular, class II bacteriocins are small, heat-stable, non-lanthionine-containing peptides, varying between 30 and 60 residues in length (Ͻ10 kDa) (8) . Subgroups have been defined within class II, notably the class IIa bacteriocins, which contain a consensus YGNGV amino acid motif near the N terminus and are active against Listeria spp. Within the class IIa bacteriocins produced by some Leuconostoc strains (11, 12, 18, 20) , the closely related leucocin A and mesentericin Y105 have been the subject of numerous studies, including conformational ones (9, 10) . In low-polarity medium, mesentericin Y105 was found to be partially folded as an amphipathic helix spanning over residues 17 to 31 (9) , and leucocin A is proposed to adopt an amphiphilic ␣-helical conformation in its C-terminal region, whereas the N-terminal part would fold into a three-stranded anti-parallel ␤-sheet conformation (10) .
Within the Leuconostoc genus, some strains have been recently shown to produce more than one bacteriocin. In addition to mesenterocin 52A, which is identical to mesentericin Y105, Leuconostoc mesenteroides subsp. mesenteroides FR52 produces the 32-mer polypeptide mesenterocin 52B (20) . The same bacteriocin has also been detected in culture extracts of L. mesenteroides Y105 (1) . L. mesenteroides strain TA33a actually produces three different bacteriocins: class IIa leucocin A-TA33a, leucocin B-TA33a, and leucocin C-TA33a, a new anti-Listeria bacteriocin (18, 19) . It is noteworthy that mesenterocin 52B and leucocin B-TA33a display narrow spectra of activity limited to the genera Leuconostoc and Weissella (18, 19, 20) . Thus, they can be distinguished from other metabolites produced by Leuconostoc sp. strains (11, 12, 19, 20) . The primary structures of the two bacteriocins are presented in Table  1 . By shifting the mesenterocin 52B sequence forward by two positions, identical amino acids appear in 17 positions and lead to a 63% identity score between the two peptides. The similarity is most obvious in the central domain of the peptide, where the LTGPQQP motif is present in the two bacteriocins. As both mesenterocin 52B and leucocin B-TA33a are small heat-stable and non-lanthionine-containing peptides, their classification as bacteriocins from class II is obvious. Yet, in addition to the uncommon biological properties cited above, the sequences of both mesenterocin 52B and leucocin B-TA33a contain neither the YGNGV consensus motif shared by all other Leuconostoc bacteriocins nor the conserved disulfide bridge which is considered a characteristic feature of the IIa subgroup (8) .
In this study, synthetic peptides representative of bacteriocins mesenterocin 52B and leucocin B-TA33a were characterized and compared with respect to their biological activities and secondary-structure propensities. To study the latter characteristic, both peptides were examined by circular dichroism (CD) under a variety of conditions including aqueous or micellar media.
MATERIALS AND METHODS

Synthesis of peptides.
Mesenterocin 52B and leucocin B-TA33a were synthesized according to the amino acid sequences reported earlier (19, 20) . They were prepared by stepwise solidphase peptide synthesis, as described by Fleury et al. (9) . Purity of the synthetic peptides was assessed by mass spectrum and solidphase sequence analyses (9) .
Microbial strains and bacteriocin activity. Strains used as indicator microorganisms are listed in Table 2 and were grown statically at 30°C in MRS broth (Biokar, Beauvais, France). The bacterial strains were maintained frozen at Ϫ24°C and were propagated twice in broth medium before use. Aqueous solutions of both bacteriocins were prepared by solubilizing 1.2 mg of the synthetic peptides per ml in a 5 mM phosphate buffer (pH 6.5). The solutions were then heated at 80°C during 20 min to prevent cell contamination. Bacteriocin activities were determined by the agar well diffusion method (20) . MICs were determined by a critical dilution assay. Stationary-phase cells of Weissella paramesenteroides LMA 19 and Leuconostoc pseudomesenteroides CIP 103316 obtained after 16 h at 30°C in MRS broth were used to inoculate (10%, vol/vol) MRS broth. Bacteriocins were then added to a final concentration of 0.03 mg/ml. Samples were incubated at 30°C and aliquots were taken at appropriate intervals of time to determine the number of viable cells (in CFU per milliliter) by plate counts in MRS medium agar (12 g/liter) after incubation at 30°C for 48 h.
CD and amphipathic properties. CD spectra were recorded by using a JobinYvon CD6 dichrograph calibrated with epiandrosterone. Measurements were performed at 20°C using a 0.2-cm-path-length quartz cell, a 2-nm bandwidth, a scan speed of 20 nm/min, a time constant of 2 s, and at least three scan accumulations. A protein-free control spectrum was recorded for each condition and subtracted from the protein spectra. Peptides were dissolved in 20 mM phosphate buffer, pH 7, and most measurements were done at a peptide concentration of 24 M. The results are reported as mean residual ellipticity in degrees per square centimeter per decimole. The contents in the ␣-helical structures of the peptides were calculated from the mean residual ellipticity at 222 nm (16) . Hydrophobic moments were calculated according to the method of Eisenberg et al. (7), and the helical wheel representations were drawn as implemented in GCG, version 8.0.
RESULTS
Biological activities of mesenterocin 52B and leucocin B-TA33a. The antibacterial spectra of activity of the two bacteriocins were assayed against 32 indicator strains belonging to the genera Leuconostoc and Weissella (Table 2) , since no activity was detected against other gram-positive genera (18, 20) . Mesenterocin 52B inhibited many more strains than did leucocin B-TA33a. At the bacteriocin concentration tested, some strains appeared to be resistant to both peptides. For the indicator strains sensitive to both bacteriocins, sensitivities to mesenterocin 52B and leucocin B-TA33a appeared to vary considerably from one strain to another, with over 100-fold differences between the two MICs for a given strain as a function of the tested bacteriocin, as well as over 100-fold differences between the MICs of a given bacteriocin as a function of the indicator strain used.
The modes of action of the two bacteriocins (0.03 mg/ml) were examined during the growth of W. paramesenteroides LMA 19 and L. pseudomesenteroides CIP 103316 in MRS broth at 30°C. Figure 1 shows bactericidal effects of the two peptides against the two sensitive strains, but there are marked differences. In both cases, leucocin B-TA33a displayed a more rapid rate of bactericidal action than mesenterocin 52B. With mesenterocin 52B, the bactericidal effect against W. paramesenteroides LMA 19 occurred immediately after bacteriocin addition, while it was detected only after 2 h of contact in the case of L. pseudomesenteroides CIP 103316. Furthermore, bactericidal action of mesenterocin 52B vanished after 8 h of contact, and survivor cells resumed growth.
CD experiments and helical propensities. In the pH range of 4 to 8, the CD spectra of both peptides in aqueous solution are typical of an unordered conformation with an ␣-helical content below 2%. In 20 mM phosphate buffer, pH 7, the molar ellipticity does not depend on the peptide concentration (2 to 200 M) and is characteristic of a random coil conformation. Within this concentration range and in aqueous media, both peptides thereby remain essentially disordered and monomeric. This is consistent with results provided by predictive methods related to the helical behavior of monomeric peptides (17) , which lead to the conclusions that helix levels of both bacteriocins would be less than 3% under these CD conditions.
As a solvent suitable for spectroscopic experiments, triflu- a Results were obtained using the agar well diffusion method, the well diameter (5 mm) being subtracted from the total zone diameter. oroethanol (TFE) is known to induce and stabilize ␣-helical structures in peptides that possess an intrinsic tendency to adopt this kind of secondary structure. In the presence of TFE, both compounds give spectra typical of partly ␣-helical peptides, with a maximum ␣-helical content (39% for mesenterocin 52B and 43% for leucocin B-TA33a) obtained for a TFE concentration of 50% (results not shown). A further increase of the TFE concentration up to 75% does not result in any increase of the ␣-helical content.
In order to examine the peptide behavior in membranemimicking media, CD spectra were then recorded in the presence of sodium dodecyl sulfate (SDS) at concentrations ranging from 1 M to 20 mM. Surprisingly, concentrations of SDS as low as 2 M induced a significant transition towards ␣ helix formation (15% ␣-helicoidal content) for both peptides and a maximum of 36 to 38% of ␣ helix content was obtained for SDS concentrations greater than or equal to 0.05 mM (Fig. 2 ). An isodichroic point is observed near 200 nm, indicating a local two-state (␣-helical/random coil) population equilibrium (13) even at a high SDS concentration. Furthermore, since ␣-helical appearance is obtained for SDS concentrations much lower than the 8 mM critical micellar concentration (CMC), this implies that peptide structuralization does not depend upon micelle formation and that smaller aggregates of SDS are sufficient to induce the transition. In order to investigate whether the negative charge of SDS was essential for this interaction, similar experiments were carried out in the presence of tetradecyltrimethylammonium bromide (TTAB), a cationic counterpart of SDS with very similar physicochemical properties. The spectra obtained in TTAB (concentrations ranging from 1 M to 10 mM, with a CMC of 3.6 mM [2] ) are not significantly different from those obtained in aqueous solution and typically account for a random coil conformation (Fig. 3) . Thus, given the nearly identical hydrophobic behaviors of the aliphatic parts of both SDS and TTAB, induction of ␣-helical formation within peptides appears to depend on the electrostatic properties of the polar head of the detergent used.
Finally, CD spectra were recorded in the presence of dodecyllysophosphatidylcholine (LPC) (concentration range of 55 M to 10 mM, with a CMC value of 1.1 mM [21] ). ␣-Helical structure was induced in leucocin B-TA33a and mesenterocin 52B only once the LPC concentration exceeded the CMC and maximal ␣-helical content (42 and 40%, respectively) was reached for 3.3 mM LPC (Fig. 4) . Similar experiments carried out at different peptide concentrations in order to change the lipid/peptide ratio for the same LPC concentrations led essentially to the same conclusions: a micellar environment is required to induce peptide structuralization. The zwitterionic nature of the LPC polar head proceeds from the simultaneous presence of a negatively charged phosphodiester group and a positively charged quaternary ammonium group. If the negative charge of SDS is essential to the formation of bacteriocin secondary structures, especially at submicellar concentrations (see above), isolated LPC molecules may be unable to tightly FIG. 3 . Effect of TTAB on the CD spectra of mesenterocin 52B in aqueous solution (24 M peptide, 10 mM phosphate, pH 7). The spectra were recorded in the wavelength range of 180 to 250 nm except for the highest concentrations of TTAB (205 to 252 nm) because of the strong absorption of this compound at short wavelengths. TTAB concentrations were as follows: none (F), 1 mM (s), 2 mM (OE), 4 mM (‚), and 10 mM (ϩ).
interact with the peptides because of the contradictory effects resulting from their positive and negative neighboring charges. In contrast, a micellar environment would allow a local concentration of negative charges by appropriately orienting the LPC molecules close to the bacteriocin molecules and thus would provide a suitable environment for the initial adhesion of both peptides to the micellar interface.
In order to account for the amphipathic character likely associated with the occurrence of peptide-surfactant attractive interactions, we looked for the hydrophobic moment profile along the sequences of the two bacteriocins folded into an ␣-helical structure. The highest magnitude of putative amphipathy was observed within a fragment ranging from 10 to 15 residues in length and centered at positions 8 and 10 in the mesenterocin 52B and leucocin B-TA33a sequences, respectively. The ␣-helical wheel representation (Fig. 5) clearly illustrates the amphiphilic character of this fragment for the two bacteriocins.
DISCUSSION
Some lactic acid bacterial strains produce more than one type of bacteriocin (6, 18, 20) . So, erroneous conclusions regarding the relationship between structure and activity of a single bacteriocin could be drawn from activity measurements assessed only with culture supernatant (6) . A convenient way to avoid this problem is to use the synthetic counterparts of natural bacteriocins (9) , readily obtained by peptide synthesis when posttranslational modifications do not occur. In the case of synthetic mesenterocin 52B and leucocin B-TA33a, their activities were previously shown to be similar to those obtained with equivalent peptides isolated from natural sources (18, 20) .
The antibacterial activity of each bacteriocin appears to be strongly dependent on the indicator strain used. Furthermore, mesenterocin 52B and leucocin B-TA33a display different antibacterial spectra and activities despite their notable sequence homology. No global rule can, then, be deduced from the comparative analysis of the two sets of inhibitory data. The sequence alignment of the two peptides (Table 1 ) reveals a homogeneous rate of homology along the whole sequences and does not enable one to simply relate their activity profile to specific fingerprints at the primary structure level. Structure and activity investigations were then conducted by CD experiments in order to determine whether or not mesenterocin 52B and leucocin B-TA33a adopt the same conformation in different aqueous lipophilic micellar systems. The structural studies presented here clearly establish that both bacteriocins are able to adopt a partially helical structure at amphiphilic interfaces, provided that the required conditions (hydrophobic environment together with the presence of negative charges) are fulfilled. Therefore, despite the great differences in activity discussed above, the two peptides exhibit exactly the same behavior from a structural point of view, and predictions regarding the positions of helical elements along their sequences (Fig. 5) obviously support the hypothesis of identical three-dimensional properties. This similarity in the behaviors of the two peptides when placed in a membranemimicking environment correlates with the observation that the two bacteriocins are able to spontaneously adsorb on the same strains, even if these strains are not sensitive to one or both of the compounds (results not shown). This probably occurs in a first general step of interaction between a bacteriocin molecule and the target cell, during which a contact could be established between the peptide and the bacterium, but which would not preclude an efficient bactericidal effect. Apart from the likely promoting role played by negatively charged phospholipid heads (4) that was confirmed in the present study by the comparison between the results obtained in the presence of SDS and TTAB, the initial adsorption of a bacteriocin thus appears to depend only on its capacity to adopt an amphipathic conformation in an interfacial environment. After the achievement of an efficient adsorption process, it is still not clear in which step different behaviors between a sensitive and a nonsensitive strain take place. In that context, the putative requirement for a specific receptor of proteinaceous nature remains an open question at present (3, 5) , especially if one considers the bacteriocin oligomerization step that would undoubtedly be required for the pore formation process.
As underlined in the introduction, numerous studies have been carried out on class IIa bacteriocins with the aim of identifying the regions involved in cell recognition and bactericidal action. Altogether, these studies have established that the pore formation process occurs through several recognition steps involving different structural features of the bacteriocins (for a complete review, see reference 8). However, it is not possible to take advantage of these former studies to find clues concerning the mechanisms of mesenterocin 52B and leucocin B-TA33a. Indeed, it appears that these two bacteriocins are rather atypical and differ clearly in sequence and in activity spectra from class IIa bacteriocins as well as from bacteriocins of any other subgroup. This raises the issue of the reliability of the classification scheme used for bacteriocins, which has already been addressed by Jack et al. (14) and Ennahar et al. (8) with class IIa. In order to rationally refine the criteria used for classification, a deeper knowledge of the mechanism of action is required. In particular it would be of considerable interest to make further enquiries in the field of the membrane properties which certainly differentiate one bacterial species from another, or even one strain from another, regarding their sensitivities to bacteriocins.
